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To Whom It May Concern,                                                                                              July 23, 2021
Dear Sir,

My name is Yoshiaki Hagiwara. I used work at Sony and developed semiconductor LSI chip sets 
for consumer and industrial applications from 1975 till 2008. My first work at Sony since 1975 till 
1980 was the development of solid state image sensors. I would like to explain here the details of 
my 1975 invention of Pinned Photodiode and the subsequent pioneering development efforts of 
the first Pinned Photodiode, which was reported at SSDM1978 Tokyo Conference in 1978 by Sony.

I believe that I am the inventor of Pinned Photodiode, as defined in the three Japanese Patent
Applications, JPA1972-127646, JPA1975-127647 and JPA1975-134985, and also I am the person 
who developed the first Pinned Photodiode as reported in the SSDM1978 Tokyo Conference.

The following slides explained the details. Please look at these slides and if possible kindly let me 
know what you think about them. Do you agree with my point of view on the history of invention 
and development of Pinned Photodiode ? Please feel free to e-mail me ( hagiwara@aiplab.com ) .

Yoshiaki Hagiwara
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Basic Three Components of Intelligent Image Sensor



(1) A classical MOS image sensor has  a single junction type Photodiode with the N+ Floating Surface Diffusion.
It has a long floating diffusion output read-out data line as the charge transfer device (CTD). 
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(2) Peter Noble proposed in 1968 to use an in-pixel source amplifier circuit for each picture element.
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Gilbert F. Amelio, USP3931674, "Self Aligned CCD Elementincluding Two Levels Electrodes..." 

(3) Boyle and Smith in 1970 proposed the concept of charge couple device (CCD).
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Hughes Aircraft
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Gilbert F. Amelio, USP3931674, Jan 13, 1976,
"Self Aligned CCD Elementincluding Two Levels Electrodes..." 

Gilbert F. Amelio, 1976D.M.Erb, 1973
Amelio Process

Sony Process

D. M. Erb, W. Kotcyczka, S. C. Su, C. Wang, and G. Clough, 
“An Overlapped Electrode Buried Channel CCD”  IEDM1973, Dec 3-5 (1973)  

(4) Hughes Aircraft Company reported at IEDM1973  the Overlapped Electrode Structure 
to enhance the charge transfer efficiency of Buried Channel CCD in 1973.

Sony CCD process is very similar to the Overlapped Electrode Structure reported at IEDM1973
Sony process used self-aligned ion implantation before the oxidation of the first electrode. 



(4a)

James M. Early , “Charge Coupled Device with Overflow Drain Protection”, USP3896485, July 22, 1975. 

(5) James M. Early on July 22 in 1975 proposed the concept of in-pixel vertical overflow drain (VOD).
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(5)

, October 23, 1975. 
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(6) Yoshiaki Hagiwara on October 23 in 1975 proposed the concept of the triple junction type 
Pinned Photodiode with back light illumination mode with the in-pixel CCD/MOS type dynamic 
capacitor buffer memory for Global Shutter Operation needed critically for CMOS image sensors.



(5)

, October 23, 1975. 
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(7) Yoshiaki Hagiwara on October 23 in 1975 proposed the concept of the double junction type 
Pinned Photodiode with back light illumination mode with the in-pixel CCD/MOS type dynamic 
capacitor buffer memory for Global Shutter Operation needed critically for CMOS image sensors.



(8) Yoshiaki Hagiwara on November 10 in 1975 proposed the concept of the double junction type 
Pinned Photodiode with the front-side built-in vertical overflow protection capability 

Yoshiaki Hagiwara, Japanese Patent N. 1215101 ( Japanese Patent Application JPA1975-134985) 
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(9) Yoshiaki Hagiwara on November 10 in 1975 proposed the concept of the triple junction type 
Pinned Photodiode with the back-side built-in vertical overflow protection capability.

Yoshiaki Hagiwara, Japanese Patent No. 1215101 ( Japanese Patent Application JPA1975-134985) 
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N+

(10) Koike and Takemoto used P+NP Pinned Photodiode for MOS image sensor with 
overflow protection scheme by draining the excess signal charge thru the charge transfer 
gate (CTG) to the output diffusion data lines during the photo signal  integration time.

Koike and Takemoto, Japanese Patent Application JPA1977-837, Jan 10, 1977 
on P+NP Pinned Photodiode with Overflow Protection Scheme.
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(5)(11) Yamada at Toshiba proposed in 1988 the NPN double junction type Photodiode with the  
floating surface N diffusion storage region with the vertical overflow protection. 

T. Yamada, Japanese Patent Application JP1978-1971 
on NPN double junction type photodiode 
with overflow protection, filed  on Jan 13, 1978
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(5)(12) Sony developed in 1978 the P+NP double junction type Pinned Photodiode with the complete 
charge transfer capability to realize the excellent feature of no image lag for fast action pictures.
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The pinned surface P+ hole accumulation region was formed by self-aligned ion implantation. 
Total dark current was measured to be less than 5 nA/cm .  And the dark current level was less
than 3 % of the maximum signal level at room temperature of 20 ℃. Very low surface dark 
current was observed since there is no electric field in the Pinned P+ surface region, 

Yoshiaki Hagiwara, Motoaki Abe and Chikara Okada, “A 380H x 488V CCD Imager with Narrow Channel Transfer Gates”. 
Proceeding of the 10th Conference on Solid State Devices, Tokyo 1978; 
Japanese Journal of Applied Physics, Volume 18(1979) Supplement 18-1, pp. 335-340.
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(13) Sony developed the CCD/MOS dynamic photo capacitor type photon detecting device and 
the CCD  type Charge Transfer Device (CTD) for an interline CCD image sensor in 1980  
with the complete charge transfer of no image lag feature for fast action pictures.
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(5)
(14) Sony used the P+NP double junction type Pinned Photodiode for 380H x 488V in 1978 and

570H x488V one chip color FT CCD Image Sensors in 1980. 
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I. Kajino, M. Shimada, Y. Nakada, Y. Hirata and Y. Hagiwara,” 
Single Chip Color Camera Using Narrow channel CCD Imager with Over Flow Drain”, 
Technical Report of The Institute of Image Information and Television Engineers, 
vol. 5, no. 29, pp. 32-3S, (1981).        

Yoshiaki Hagiwara, Motoaki Abe and Chikara Okada, “A 380H x 488V CCD Imager with Narrow Channel Transfer Gates”. 
Proceeding of the 10th Conference on Solid State Devices, Tokyo 1978; 
Japanese Journal of Applied Physics, Volume 18(1979) Supplement 18-1, pp. 335-340.



(15) NEC used Buried Photodiode for the  ILT CCD image sensor for the first time in the world. 
However, the P+NP double junction type Buried Photodiode did not have any adjacent P+ 
channel stops region. The NEC IEDM1982 reported  the details  of the serious  image lag  
problems. This is NOT Pinned Photodiode. The buried N storage region of this Buried 

Photodiode is floating since the surface P+ is not pinned. There is a large RC delay constant 
and the  long P+ surface diffusion stripe would be  floating. 
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The surface P+ is not pinned.

N. Teranishi, Y. Ishihara and H. Shiraki, Japanese Patent Application JPA1980-138026.
N. Teranishi, A. Kohono, Y. Ishihara, E. Oda, and K. Arai, 
“No image lag photodiode structure in in the interline CCD image sensor”, 
1982 International Electron Devices Meeting (IEDM1982) 
Digest of Technical Papers, pp. 324-327, (1982).



B. C. Burkey, W. C. Chang, J. Littlehale, T. H. Lee, T. J. Tredwell, J. P. Lavine, E. A. Trbk, 
“The Pinned Photodiode for an Interline-transfer CCD Image Sensor”, 
IEDM1984, Digest of Technical Papers, paper (2.3), (1984).

(16) KODAK developed in 1984 the P+NP double junction type Pinned Photodiode, which has 
the adjacent P+  channel stops under the LOCOS region. Consequently, the buried N storage
region has the pinned empty potential well when the signal charge is completely drained.
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Yoshiaki Hagiwara invented Pinned Photodiode In 1975.
Sony used Pinned Photodiode for the  FT CCD image sensor for the first time in the world in 1978.
NEC used Buried Photodiode for the  ILT CCD image sensor for the first time in the world in 1982.
Kodak used Pinned Photodiode for the  ILT CCD image sensor for the first time in the world in 1984.



(5)(17) Sony developed in 1987 the P+NPN triple junction type Pinned Photodiode with the pinned
surface P+ hole accumulation region formed by high energy ion implantation without LOCOS 
with the overflow protection and the electrical shutter function for fast action pictures.
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(5)(18) NHK developed in 1987 the active in-pixel current amplifier circuit used in MOS image sensor.
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Peter Noble,  1968 Ando Team at NHK, 1987The first active pixel 3T1C large scale 

MOS image sensor of Vdd word line type 

was developed in 1987 by Ando team at 

NHK and was called as Amplified MOS

Intelligent Imager  (AMI) while Peter 

Noble proposed the VGG word line type 

Active Pixel MOS image sensor in 1968.



, October 23, 1975. 
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(19) Hagiwara proposed Multi-chip 3D  CMOS Image Sensor for Flash Image Acquisitions in 2019
using the original P+PNP double junction Pinned Photodiode invented in 1975 by Hagiwara.
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(20) An example of 1C6T type active pixel with the double source follower current amplifier circuits 

with Global Shutter function which is suitable to be used for the multi-chip 3D integration.



Comparator
1st Chip

Dout[1]

Comparator
2nd Chip 

Comparator
Nth Chip

Dout[2] Dout[N]

N

Counter,
DAC and 

Control chip

, October 23, 1975. 

(21) Sony proposed Multi-chip 3D  CMOS Image Sensor for Flash Image Acquisitions in 2019. 
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(13) Difference of Buried Photodiode and Pinned Photodiode.

Buried Photodiode is not always Pinned Photodiode. 

But Pinned Photodiode is always Buried Photodiode.

photodiodes.

(22) Difference of Buried Photodiode and Pinned Photodiode.

Buried Photodiode is not always Pinned Photodiode. 
But Pinned Photodiode is always Buried Photodiode.
Pinned Photodiode does not have the serioous image lag problem.
But Buried Photodiode may have the seriour image lag problem.

Buried Photodiode and Pinned Photodiode are the double junction dynamic photodiodes.
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(13) Difference of Buried Photodiode and Pinned Photodiode.

Buried Photodiode is not always Pinned Photodiode. 

But Pinned Photodiode is always Buried Photodiode.

photodiodes.

(23) Difference of Buried Photodiode and Pinned Photodiode.
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(13) Difference of Buried Photodiode and Pinned Photodiode.

Buried Photodiode is not always Pinned Photodiode. 

But Pinned Photodiode is always Buried Photodiode.

photodiodes.

(24) Difference of Buried Photodiode and Pinned Photodiode.
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(13) Difference of Buried Photodiode and Pinned Photodiode.

Buried Photodiode is not always Pinned Photodiode. 

But Pinned Photodiode is always Buried Photodiode.

photodiodes.

(25) Four Types of Basic Photo Sensor Structures
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Hagiwara studied the quantum 
theory of hydrogen atom, and
the theory of semiconductor

device physics of crystal 
band thery, single junction

PN diode and double junction 
PNP bipolar transitor.

After studying the quantum theory of hydrogen 
atom, Hagiwara learned for the first time the 
physics of semiconductor devices, including
the crystal band thery of the single junction 
type PN diode and the double junction type 
PNP bipolar transistor at the 2nd year in college.
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Yoshiaki Hagiwara, 
Japanese Patent No. 1215101 

( Japanese Patent Application JPA1975-134985) 

Yoshiaki Hagiwara, Motoaki Abe and Chikara Okada, 
“A 380H x 488V CCD Imager with Narrow Channel 
Transfer Gates”. Proceeding of the 10th Conference 
on Solid State Devices (SSDM1978), Tokyo 1978; 
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Conventional Single Junction type Solar Cell (A) and (B) Double Junction Type Solar Cell (D) and (D).

(A) 

(B) 

(C) 

(D) 

Japanese Patent Application JPA2020_131313_on_Doubel_Junction_Pinned_Photodiode_Solar_Cell
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The P+PNP-PP+ Double Junction Type Solar Cell

Japanese Patent Application JPA2020_131313_on_Doubel_Junction_Pinned_Photodiode_Solar_Cell
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Comparison of (1) the P+PNPP+ Double Junction Pinned Photodiode Type Solar Cell  proposed by Hagiwara in  the
Japanese Patent JPA2020-131313 and (2)  the conventional floating surface N+P Single Junction Type Solar Cell  


